The role of extranodal metastasis (ENM) in TNM stage in gastric carcinoma (GC) is controversial. This study was aimed to make a detailed investigation of the prognostic significance and the role in TNM stage of ENM in GC. The patients with primary GC, who underwent gastrectomy with curative intention in West China Hospital from January 2005 to December 2011, were retrospectively enrolled. The prognosis and clinicopathological traits were compared between ENM positive (ENMP) and negative (ENMN) groups in all patients, TNM I-II, III and IV stages, respectively. The significance of the number and the role in TNM stage of ENM were also assessed. In our study, 1457 patients were enrolled, with 1324 (90.9%) in ENMN group and 133 (9.1%) in ENMP group. ENMP group had significantly more advanced GC and worse prognosis (all p<0.05) than ENMN group in all patients, TNM I-II stages and TNM III stage. ENM>2 subgroup had remarkably larger tumor size (p=0.002) and more advanced N stage (p=0.016) than ENM=1-2 subgroup. The number of ENM was an independent prognostic factor in ENMP group (p=0.029). The prognosis of ENM>2 in TNM I-III stages was significantly worse than ENMN patients in TNM III stage. The C-index of TNM stage plus the number of ENM was significantly higher than that of current TNM stage alone (p=0.005). In conclusion, the patients in ENMP subgroup had more advanced GC and worse prognosis than those in ENMN subgroup. It might be more reasonable to categorize ENM>2 into TNM IV stage.
INTRODUCTION
Gastric carcinoma (GC) is one of the most common malignancies in the world [1] . It is well known that lymph nodes are the main metastatic route of GC. Therefore, lymphadenectomy has been considered as one of the crucial procedures in surgery in order to prevent tumor recurrence and metastasis. In the postoperative pathological examination, the histology and number of lymph nodes from the specimen are the main objects. Besides the lymph nodes, some tumor nodules without histological evidence of lymph node structure within the lymphatic drainage extent may also been found, which are recorded as extranodal metastasis (ENM) with the Research Paper www.impactjournals.com/oncotarget incidence approximately 13% [2] [3] . In the Japanese classification of GC according to Japanese Gastric Cancer Association (JGCA), ENM is currently recommended to be counted as a metastatic lymph node in the N determination [4] . Some studies also reported the similar result, indicating that ENM should be incorporated in N stage [5] . However, the role of ENM in TNM stage is still under debate. Some studies found that the prognosis of patients with ENM was similar to that of patients with TNM stage IV, suggesting that ENM should be categorized as M1 or N3 stage [3] . Although it is still controversial of the role of ENM, many reports showed that patients with ENM had worse prognosis than those without ENM, even in early GC [2, [5] [6] [7] . Nevertheless, the role of the number of ENM was investigated only in few studies [3] . Besides, many studies had relative small sample sizes or were only limited in lymph node positive patients [8, 9] . A detailed research of ENM in GC is still expected. The researches on ENM within regional lymph nodes station might help to establish a better staging classification system or supply the important revision suggestion to the current TNM stage of GC. The aim of this present study was to research the prognostic significance and the role in TNM stage of ENM within regional lymph nodes station in GC.
RESULTS
In this study, 1457 patients were divided into ENM negative (ENMN) group (n=1324, 90.9%) and ENM positive (ENMP) group (n=133, 9.1%) with 356 ENM harvested. In prognosis, 1334 (91.6%) patients were followed up and analyzed. The flow chart of the patients in this study was shown in Figure 1 Figure 2 ). The distribution according to the number of ENM was similar to that according to the number of patients ( Figure 2 ). The pathological histology of ENM in two examples was found without the histological evidence of lymph nodes structure and the cancer cells highly expressed EpCAM (Figure 3 ). In order to analyze the significance of ENM in different stages, the patients were subdivided into ENMN and ENMP subgroups in TNM I-II (n=679, 46.6%), III (n=699,48.0%) and IV stages (n=79, 5.4%), respectively. Regarding ENMP group, the patients were also subdivided into ENM=1-2 and ENM>2 subgroups to find out the clinical significance of the number of ENM. The clinicopathological characteristics and survival outcomes were analyzed and compared in different subgroups.
All patients
The baseline of all patients in ENMN and ENMP groups was compared and shown in Table 1 . The results showed that gender (p=0.029), longitudinal location (p=0.001), macroscopic type (p<0.001), differentiation (p<0.001), tumor size (p<0.001), vessel/nerve invasion Table 2 ).
The follow-up rates and median survival time of ENMN group were 91.8% (1216/1324) and 95.7 (0.3-118.0) months, compared with 88.7% (118/133) and 28.0 (0.9-108.0) months in ENMP group. The 3-year survival rates were 73.8% and 40.6% in ENMN and ENMP groups, respectively. In survival analysis, the prognosis of ENMP group was significantly worse than ENMN group in Kaplan-Meier analysis (p<0.001) ( Figure 4A ). In multivariate analysis through Cox regression, we found that ENM was an independent prognostic factor (p<0.001, hazard ratio (HR) =1.568, 95% confidence interval (CI) [1.243-1.978]), as well as age (p<0.001), tumor size (p<0.001), T stage (p=0.003), N stage (p<0.001) and M stage (p=0.045) ( Table 3) .
TNM I-II stages
In TNM I-II stages, we found that there were significantly more old patients (p=0.031) and more tumors with size ≥5cm (p=0.009), advanced T stage (p<0.001) and TNM stage (p<0.001) in ENMP subgroup (n=12, 1.8%) than in ENMN subgroup (n=667, 98.2%) ( Table  1) , in which only T stage (p=0.001) was analyzed as the independent correlated factor in logistic regression ( Table  2 ). The follow-up rates, median survival time and 3-year survival rates of ENMN and ENMP subgroups were 92.7%, not applicable, 90.0% and 91.7%, 32.7 months, 45.5%, respectively. Up to the end of follow-up time, the survival rate of ENMN subgroup was still higher than 50%, therefore, the median survival time of this subgroup was not applicable. Kaplan-Meier curve showed that ENMP subgroup had remarkably worse prognosis than ENMN subgroup (p<0.001) ( Figure 4B ). Cox regression revealed that ENM (p<0.001, HR=5.741, 95%CI [2.878-11.452]), age (p=0.005) and tumor size (p=0.012) were the independent prognostic factors in TNM stage I-II (Table 3) .
TNM III stage
In TNM stage III, ENMP subgroup (n=105, 15.0%) had significantly more male patients and more tumors with UML location (p=0.002), size ≥8cm (p<0.001), poorly differentiation (p=0.013), advanced N stage (p=0.008) and TNM stage (p=0.003) than ENMN subgroup (n=594, 85.0%) ( Table 1 ). Logistic regression showed that gender (p=0.036), longitudinal location (p=0.018), differentiation (p=0.024) and tumor size (p<0.001) were independently correlated to ENM ( Table 2 ). The follow-up rate, median survival time and 3-year survival rate of ENMN subgroup were 91.4%, 51.0 months, 59.1%, compared with 88.6%, 30.5 months, 43.9% of ENMP subgroup, respectively. Kaplan-Meier curve showed that ENMP subgroup had obviously worse survival outcome than ENMN subgroup (p<0.001) ( Figure 4C ). Cox regression demonstrated that ENM (p=0.017, HR=1.381, 95%CI [1.059-1.802]), age (p=0.002), tumor size (p<0.001), T stage (p=0.002) and N stage (p<0.001) were independently related to prognosis (Table 3) . Additionally, we further compared the prognostic difference between ENMN and ENMP patients in TNM IIIA, IIIB and IIIC stages. The results showed that ENMP patients had significantly worse survival outcomes than ENMN patients in stage IIIB (p=0.029) ( Figure 5B) and IIIC (p=0.021) ( Figure 5C ). The difference between ENMN and ENMP patients in IIIA was not significant (p=0.379) ( Figure 5A ), but the trend was still obvious.
TNM IV stage
Regarding TNM IV stage, significantly more patients with old age (p<0.001) and distal GC (p=0.001) were found in ENMP subgroup (n=16, 20.3%) than those in ENMN subgroup (n=63, 79.7%) ( Table 1) . However, no differences were shown in other clinicopathological features. Logistic regression showed that age (p=0.001) and vessel/nerve invasion (p=0.040) were independently associated with ENM ( Table 2 ). The follow-up rates, median survival time and 3-year survival rates of ENMN and ENMP subgroups were respectively 87.3%, 23.0 months, 36.8% versus 89.2%, 22.0 months and 18.8%. Kaplan-Meier curve showed that the difference in prognosis between ENMP and ENMN subgroups was not significant (p=0.398) ( Figure 4D ). Cox regression revealed that only macroscopic type was the independent prognostic factor (p=0.026, HR=1.469, 95%CI [1.048-2.059]) (Table 3) .
ENMP patients
ENMP patients were subdivided into ENM=1-2 (n=93, 69.9%) and ENM>2 subgroups (n=40, 30.1%). We found that ENM>2 subgroup had significantly more tumors with size ≥8cm (p=0.002) and N3b stage (p=0.016) than ENM=1-2 subgroup (Table 1 ). Multivariate analysis revealed that tumor size was the independent correlated factor to the number of ENM (p=0.003) ( Table 2 ). The follow-up rate, median survival time and 3-year survival rate of ENM=1-2 subgroup were 89.2%, 34.1 months, 47.0%, compared with 87.5%, 22.0 months, 25.4% of ENM>2 subgroup, respectively. Kaplan-Meier curve showed that the prognosis of ENM>2 subgroup was significantly worse than that of ENM=1-2 subgroup (p=0.011) ( Figure 5D ). Cox regression revealed that the number of ENM was the only independent prognostic factor (p=0.012, HR=1.760, 95%CI [1.133-2.733]) in ENMP subgroup (Table 3) .
Relationship between ENM and TNM stage
In order to research the relationship between the different number of ENM and TNM stage, we further compared the prognosis of ENM=1-2 and ENM>2 subgroups in ENMP patients with ENMN patients in TNM III and IV stages. To avoid the influence of TNM IV stage, we only included ENMP patients with TNM I-III stages. The results showed that there was no significant difference in survival outcomes between ENM=1-2 in TNM I-II stages and ENMN patients in TNM III (p=0.518) ( Figure 6A ) or TNM IV stage (p=0.360) ( Figure  6C ). The prognosis of ENM>2 in TNM I-II stage was significantly worse than ENMN patients in TNM III stage (p=0.005) ( Figure 6B ), but similar to ENMN patients in TNM IV stage (p=0.168) ( Figure 6D ). Subsequently, we found that ENM=1-2 (p=0.011) ( Figure 6E ) and ENM>2 (p<0.001) ( Figure 6F ) in TNM III stage had remarkably worse prognosis than ENMN patients in TNM III stage. Regarding TNM IV stage, significant prognostic differences were found neither between ENM=1-2 in TNM III stage and ENMN patients in TNM IV stage (p=0.173) ( Figure 6G ) nor between ENM>2 in TNM III stage and ENMN patients in TNM IV stage (p=0.451) ( Figure 6H ). Although there was no significant difference between ENM=1-2 subgroup in TNM III stage and ENMN patients in TNM IV stage through log-rank test and Gehan-Breslow-Wilcoxon test (p=0.055), we noticed that the former patients still had a trend with better survival outcome than the latter patients within 60 months. All these results indicated that the prognosis of ENM>2 in TNM I-III stages was similar to ENMN in TNM IV stage.
Because ENM was currently counted as the metastatic lymph nodes in the N determination according to JGCA, we adopted this recommendation and defined the current N stage as the combination of metastatic lymph nodes and ENM to evaluate the prognostic differences between ENMN and ENMP patients in the same current N stages. Current N0 stage was not analyzed because there was no ENMP patients. In other current N stages, we compared the baselines of current N1, N2, N3a and N3b stages. In order to balance the baseline (like M stage, tumor size), we only compared the differences in current N1 stage, current N2M0 stage, current N3a stage with tumor size <8cm, and current N3b stage with tumor size <8cm (Table 4) . Although there were no significant prognostic differences in current N1 stage (p=0.132) ( Figure 7A ) and current N3b stage with tumor size <8cm (p=0.259) (Figure 7D ), the trends of ENMN and ENMP patients in these two current N stages should not be ignored. Kaplan-Meier analyses indicated that the prognostic differences were significant in current N2M0 stage (p=0.016) ( Figure 7B ) and current N3a stage with tumor size <8cm (p=0.010) ( Figure 7C ), indicating that it was more reasonable to categorize ENM as an independent factor but not lymph nodes.
For ENMP patients, we compared the accuracy of prognostic prediction between current TNM stage alone (ENM was counted in N stage) and TNM stage (ENM was not counted in N stage) plus the number of ENM through R software. The results showed that the C-index of current TNM stage alone was 0.611 (95%CI 0.559-0.663), compared with 0.619 (95%CI 0.561-0.677) of TNM stage plus the number of ENM, and the difference was remarkable (p=0.005).
DISCUSSION
At present, TNM stage including invasion depth, metastasis of lymph nodes and distant metastasis has been considered as the primary factor to predict the prognosis of GC [1] . However, the outcomes of some patients with the same TNM stage might be completely different. Therefore, it is crucially important to find out other ways to increase the predictive accuracy of the prognosis in GC patients. ENM is one of the controversial characteristics in TNM stage. This present study with relative large sample size highlighted the prognostic significance and the role in TNM stage of ENM in GC. The patients in ENMP group had remarkably more advanced tumors and suffered significantly worse prognosis than those in ENMN group in all patients, which was similar to many previous studies [2, [5] [6] [7] 10] . Another previous study reported that ENM was correlated with intestinal type [9] . When stratified by TNM stage, the similar results were found in TNM I-II, III, IIIB and IIIC stages, but not in TNM IV stage. In Cox regression analyses, ENM was also demonstrated as an independent prognostic factor in all patients, TNM I-II and III stages. These results indicated that ENM was a good index to distinguish the prognostic differences between ENMN and ENMP in these groups, but not applicable in TNM IV stage.
Furthermore, in order to investigate the significance of the number of ENM, patients with ENMP in our study were subdivided into ENM=1-2 and ENM >2 with the cut-off value of 2, calculated by X-tile software. The results illustrated that ENM>2 subgroup had significantly more lager tumor and worse prognosis than ENM=1-2 subgroup, and demonstrated that the number of ENM could be regarded as an independent prognostic factor in ENMP group, which was consistent with the previous study [3] . Subsequently, we researched the relationship of ENM and TNM stage, because of the controversial role of ENM in TNM stage. Due to the prognostic difference between ENM=1-2 and ENM>2 subgroups and in order to avoid the interrelationship of ENM and TNM IV, we compared these two subgroups in TNM I-III stages with ENMN groups in TNM III and TNM IV stages. The Kaplan-Meier curves showed that the prognosis of ENM>2 in TNM I-III stages was significantly worse than that of ENMN groups in TNM III stage, but very similar to that of TNM IV, indicating that ENM>2 in TNM III stage should be categorized in TNM IV stage. However, the role of ENM=1-2 in TNM I-II stages was still ambiguous and should be further investigated. However, a previous study found that ENM was associated with synchronous distant metastasis [11] . All these results suggested that ENM was closely with TNM IV stage.
From the Japanese classification of GC by JGCA, ENM is currently counted as a metastatic lymph node in the N determination [4] . If this classification is reasonable, the patients with the same current N stage should have similar prognosis. Nevertheless, we found that the prognosis of the patients with ENM in current N2M0 stage and current N3a stage with tumor size <8cm was significantly worse than those without ENM. And the trend of different prognosis in current N1 stage and N3b stage with tumor size <8cm should not be neglected.
Based on these results, we thought that it might not be reasonable that ENM should be counted as lymph nodes and categorized in N stage. Some previous studies reported that it should be more suitable for ENM to be treated as a form of serosal invasion [10] . For the patients with ENM, C-index calculated by R software was used to compared the accuracy of prognostic prediction between current TNM stage alone www.impactjournals.com/oncotarget (ENM was counted in N stage) and TNM stage (ENM was not counted in N stage) plus the number of ENM. We found that the latter had a larger C-index than the former, with significant difference. C-index has gradually been applied to compare the accuracy of prognostic prediction by many studies [12] [13] . In other study, they used Akaike information criterion, linear trend X 2 , likelihood ratio X 2 to compare the homogeneity, discriminatory ability and monotonicity of gradients [3, 5] . Nevertheless, we noticed that there were no p values between different groups, indicating that whether the differences were significant was not clear.
The average number of harvested lymph nodes in our study was 27.8. As reported by other previous studies, the average number of harvested lymph nodes was from 14.7 to 34.0 [2] [3] [6] [7] . As we know, insufficient lymphadenectomy will strongly impact on the accuracy of N stage and the incidence of ENM. To eliminate the influence, we excluded the patients in TNM II-IV stages with harvested lymph nodes less than 15. However, the incidence of ENM was approximately 9% and lower than 13%-14% reported by other previous studies [2] [3] . We noticed that the percentage of TNM I stage of one study was obviously lower than that of ours [3] . And some studies only researched ENM in the patients with positive lymph nodes or with esophagogastric cancer, which reported the incidence of ENM between 24.6% and 42.3% [6] [7] . The different constitution of included patients might cause the various positive rates of ENM. Other report found that ENM had relationship with peritoneal metastasis [14] . Some studies made a further investigation in the morphology the capsule of ENM, showing that the patients with capsule rupture ENM had significantly worse survival outcomes than those with no capsule rupture ENM [15] .
There were some limitations of this retrospective study. This study was from a single institute and the validation of our conclusion should be confirmed through other studies, especially the perspective ones. Although the number of total patients was more than 1000, the number of ENMP was still not large enough. Insufficient patients in some subgroups might influence the statistics and the final results. Retrospective studies might exist some selection bias of patients. However, we tried our best to make a detailed investigation of the prognosis significance of ENM and its role in TNM stage on the basis of multiple comparisons stratified by TNM stage, current N stage and the number and status of ENM.
In conclusion, the patients in ENMP subgroup had more advanced GC and worse prognosis than those in ENMN subgroup. Because of the different prognosis, ENM within regional lymph nodes station might not be counted as metastatic lymph nodes in N stage. And it might be more reasonable to categorize ENM>2 into TNM IV stage. 
MATERIALS AND METHODS

Patients
In this study, the patients who underwent gastrectomy plus lymphadenectomy with curative intention for primary GC in West China Hospital from January 2005 to December 2011 were retrospectively enrolled. The patients with positive marginal residue were excluded. To reduce the impact of insufficient lymphadenectomy on the prognosis and the positive rate of ENM, we also excluded the patients in stage II-IV with less than 15 lymph nodes harvested (ENM was not counted) in surgery. Finally, a total of 1457 patients were included. The clinicopathological characteristics including age, gender, tumor location, macroscopic type, differentiation grade, tumor size, vessels and nerves invasion and TNM stage according to Japanese classification of GC by JGCA [4] were collected. Followup information through telephones, mails and outpatient visit were conducted up to January 2015. The West China Hospital research ethics committee approved this retrospective study.
Extranodal metastasis
After gastrectomy and lymphadenectomy, the pathological examination of resected specimens was carefully performed under microscope to find the regional lymph nodes. According to JGCA, ENM was defined as the tumor nodule without histological evidence of lymph node structure in the lymphatic drainage area of GC. The number of these ENM was also recorded. Because ENM within regional lymph nodes station was currently counted as a metastatic lymph node in the N determination according to JGCA, we revised the N stage without considering ENM in this present study. Therefore, TNM stage of some patients with ENM was also correspondingly changed. Additionally, in order to research the significance of different number of ENM, we used X-tile software (Version 3.6.1, Yale University) to calculate the optimal cut-point of the number of ENM. And we found that the cut-point was 2. Therefore, the patients with ENM were subsequently subdivided into ENM=1-2 subgroup and ENM>2 subgroup.
Immunohistochemistry
The tissue slices (4 μm) were deparaffinized with xylene and rehydrated in a graded alcohol series and distilled water. After blocking the endogenous peroxidase with hydrogen peroxide, citrate buffer (ZhongShan Golden Bridge Biotechnology Co., Ltd) was used to perform antigen retrieval in water bath at 95°C for 35 minutes. After naturally cooling down, the slices were incubated with primary monoclonal antibody to EpCAM (1:800, Abcam) at 4°C overnight. Subsequently, these slices were incubated with peroxidase-conjugated polymer (EnVisionTM Detection Kit, Gene Tech (Shanghai) Company Limited) for 30 minutes at room temperature. Finally, the slices were stained with diaminobenzidine chromogen solution (1:50, EnVisionTM Detection Kit, Gene Tech (Shanghai) Company Limited) and counterstained with hematoxylin (ZhongShan Golden Bridge Biotechnology Co., Ltd). Primary antibody incubation was omitted in negative controls. The figures were captured through Axio Imager A2 (Zeiss) and Scope A1 (Zeiss).
Statistical analyses
Statistical analyses were performed by SPSS software (Version 22, IBM). Unordered categorical variable and ranked data was analyzed through chisquare test and rank sum test (Mann-Whitney U test), respectively. If homogeneity of variance and normal distribution, continuous data was analyzed through Student's t-test. Otherwise, rank sum test was used. Logistic regression was used in multivariate correlation analysis. Kaplan-Meier method and life-table method were used to calculate the cumulative survival rate. Log-rank test and Cox's proportional hazard regression model were conducted for univariate and multivariate survival analyses, respectively. Prism 5 for Windows (Version 5.01, GraphPad Software) was used to draft the figure of Kaplan-Meier curve. Comparisons of accuracy of prognostic prediction between different models were performed with the package of Harrell Miscellaneous (Hmisc) and Regression Modeling Strategies (rms) in R for Windows (Version 3.2.0, R Foundation for Statistical Computing) and was evaluated by the C-index, with the meaning of that the larger the C-index, the more accurate was the prognostic prediction. Two-sided P value less than 0.05 was considered as statistical significance.
